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Bottomland hardwood forests provide forage and other important resources for
wintering and breeding waterfowl in the Southeastern United States. My objective was to
conduct an initial investigation of possible influences of habitat features, flood events,
and human disturbance on relative abundances of wintering ducks in Delta National
Forest (DNF), Mississippi. I surveyed 65 wetlands in DNF 17 times from November
2012 to March 2013 and analyzed abundance data from wood ducks (Aix sponsa),
mallards (Anas platyrhynchos), gadwalls (Anas strepera), and hooded mergansers
(Lophodytes cucullatus). Waterfowl abundance varied by species but generally increased
during major flood events and on wetlands having an approximately equal interspersion
of scrub-shrub and open water consistent with the “hemi-marsh” concept. I recommend
partial removal of scrub-shrub from selected wetlands to promote emergent plant
communities and increased duck use and experimental evaluation of waterfowl responses
to management of wetlands and human activities during winter in DNF.

ACKNOWLEDGEMENTS
I am indebted and thank Dr. J. Brian Davis for accepting me on as a graduate
research assistant and the U.S. Forest Service for funding my work (Project 11-CS11080700-004). I thank all Forest Service personnel, especially Shelton Whittington,
Robert Claybrook, Ralph Pearce, and John-Wesley Crews for financial and logistical
support. I also am very appreciative to the Mississippi Department of Wildlife, Fisheries
and Parks for providing housing during field season. I want to thank my committee for
all their assistance and guidance on this research endeavor, Dr. Rick Kaminski and Dr.
James Martin. I thank my field technicians Mike Johnson and Craig Marshall for tireless
efforts counting birds in difficult conditions at Delta National Forest. I want to thank Dr.
Jake Straub, Dr. Sam Riffell, Adrian Monroe, Zac Loman, and Team Duck for their
assistance in my research. Additionally, I thank Dr. Courtney Amundson for her
assistance with data analysis and writing of this thesis.
Personally, I thank my loving parents and sister who have supported and loved me
through all my traveling and working across the United States. Even though I do not
spend much time with them they support me in all my decisions. They know I am doing
what I love and am chasing my passion in life. I cannot thank my family enough.
Lastly, I want to thank my fellow graduate students and friends made since
moving to Mississippi for all the great memories and experiences we have shared in the
past few years. I especially want to thank Bethany Gunn, Matt Weegman, Brad Wheat,
ii

Joe Marty, Eric Michel, Jake Oates, Clay Shipes, Joe Lancaster, Shane Ramee, Kelsey
Drey and Caleb Hinton for all the great hunting and other experiences we have shared
together. Finally, I need to give a shout out to Chuck’s Dairy Bar in Rolling Fork,
Mississippi for providing my technicians and me with some amazing grub and keeping
our joints well-greased for hours of walking through Delta National Forest.

iii

TABLE OF CONTENTS
ACKNOWLEDGEMENTS ................................................................................................ ii
LIST OF TABLES ............................................................................................................. vi
LIST OF FIGURES ......................................................................................................... viii
CHAPTER
I.

WINTERING WATERFOWL USE OF DELTA NATIONAL
FOREST, MISSISSIPPI ........................................................................1
Introduction ........................................................................................................1
Study Area .........................................................................................................6
Methods..............................................................................................................7
Identifying Wetlands and Habitat Plot Composition ...................................7
Ground Surveys ...........................................................................................9
Statistical Analysis .....................................................................................10
Model Selection ...................................................................................12
Results ..............................................................................................................14
Wood Duck ................................................................................................14
Mallard .......................................................................................................15
Gadwall ......................................................................................................17
Hooded Merganser .....................................................................................18
Discussion ........................................................................................................18
The Dail-Madsen model ............................................................................19
Wetland area ..............................................................................................20
Presence of duckweed ................................................................................22
Percentage of plot in hardwood trees .........................................................23
Scrub-shrub and waterfowl use ..................................................................23
Landscape flooding ....................................................................................26
Possible evidence of disturbance ...............................................................27
Literature Cited ................................................................................................64

II.

MANAGEMENT IMPLICATIONS ...............................................................74
Introduction ......................................................................................................74
Habitat Management ........................................................................................74
Managing Hydrology .......................................................................................76
iv

Managing Human Disturbance ........................................................................77
Literature Cited ................................................................................................82

v

LIST OF TABLES
1.1

Descriptions and descriptive statistics of covariates used to model an
index of abundance (λ) or detection probability (p) of ducks
using 65 wetlands in Delta National Forest, Mississippi, winter
2012-2013...............................................................................................31

1.2

Total counts of wood duck (Aix sponsa), mallard (Anas platyrhynchos),
gadwall (Anas strepera), and hooded merganser (Lophodytes
cucullatus) in Delta National Forest, Mississippi, winter 20122013 by survey period. ...........................................................................32

1.3

Candidate models for wood duck (Aix sponsa) estimated index of
abundance used for model averaging. ....................................................33

1.4

Candidate model for mallard (Anas platyrhynchos) estimated index of
abundance. ..............................................................................................34

1.5

Candidate models for gadwall (Anas strepera) estimated index of
abundance used for model averaging. ....................................................35

1.6

Candidate models for hooded merganser (Lophodytes cucullatus)
estimated index of abundance used for model averaging.......................36

1.7

Model-averaged log-scaled coefficient estimates for Dail-Madsen
models examining factors influencing index of abundance and
detection probability of wood ducks (Aix sponsa) in Delta
National Forest, Mississippi, winter 2012-2013. ...................................37

1.8

Global model log-scaled coefficient estimates for Dail-Madsen model
examining factors influencing index of abundance and detection
probability of mallards (Anas platyrhynchos) in Delta National
Forest, Mississippi, winter 2012-2013. ..................................................38

1.9

Model-averaged log-scaled coefficient estimates for Dail-Madsen
models examining factors influencing index of abundance and
detection probability of gadwall (Anas strepera) in Delta
National Forest, Mississippi, winter 2012-2013. ...................................39

vi

1.10

Model-averaged log-scaled coefficient estimates for Dail-Madsen
models examining factors influencing index of abundance and
detection probability of hooded merganser (Lophodytes
cucullatus) in Delta National Forest, Mississippi, winter 20122013. .......................................................................................................40

1.11

Covariate effects modeled on index of abundance (ducks/wetland) of
wood duck (Aix sponsa), mallard (Anas platyrhynchos), gadwall
(Anas strepera), and hooded merganser (Lophodytes cucullatus)
in Delta National Forest, Mississippi, winter 2012-2013.......................41

vii

LIST OF FIGURES
1.1

Study area, Delta National Forest (red), in the Mississippi Alluvial
Valley (shaded region) where surveys of wintering ducks were
conducted in winter 2012-2013. .............................................................42

1.2

Delta National Forest (inside yellow), Sharkey County, Mississippi,
depicting locations of 65 randomly selected wetlands (green
dots) surveyed for ducks during winter 2012-2013. ..............................43

1.3

Example of digitized habitat plot and wetland in Delta National Forest,
Sharkey County, Mississippi, that was surveyed for ducks during
the winter 2012-2013. ............................................................................44

1.4

Estimated relationship between wood duck (Aix sponsa) abundance
(ducks/wetland) and distance from wetland to nearest ATV trail
or road (solid line), with prediction interval (dashed lines), Delta
National Forest, Mississippi, winter 2012-2013. ...................................45

1.5

Estimated relationship between wood duck (Aix sponsa) abundance
(ducks/wetland) and wetland area (m2; solid line), with
prediction interval (dashed lines), Delta National Forest,
Mississippi, winter 2012-2013. ..............................................................46

1.6

Estimated relationship between wood duck (Aix sponsa) abundance
(ducks/wetland) and number of surveys a disturbance was
detected (solid line), with prediction interval (dashed lines),
Delta National Forest, Mississippi, winter 2012-2013. ..........................47

1.7

Estimated relationship between mallard (Anas platyrhynchos)
abundance (ducks/wetland) and distance from wetland to nearest
ATV trail or road (solid line), with prediction interval (dashed
lines), Delta National Forest, Mississippi, winter 2012-2013. ...............48

1.8

Estimated relationship between mallard (Anas platyrhynchos)
abundance (ducks/wetland) and wetland area (m2; solid line),
with prediction interval (dashed lines), Delta National Forest,
Mississippi, winter 2012-2013. ..............................................................49

viii

1.9

Estimated relationship between mallard (Anas platyrhynchos)
abundance (ducks/wetland) and percent of a wetland that was
scrub-shrub (solid line), with prediction interval (dashed lines),
Delta National Forest, Mississippi, winter 2012-2013. ..........................50

1.10

Estimated relationship between mallard (Anas platyrhynchos)
abundance (ducks/wetland) and number of surveys that a
disturbance was detected (solid line), with prediction interval
(dashed lines), Delta National Forest, Mississippi, winter 20122013. .......................................................................................................51

1.11

Estimated relationship between mallard (Anas platyrhynchos)
abundance (ducks/wetland) and the number of surveys that
hardwood forest within habitat plot was inundated (solid line),
with prediction interval (dashed lines), Delta National Forest,
Mississippi, winter 2012-2013. ..............................................................52

1.12

Estimated relationship between mallard (Anas platyrhynchos)
abundance (ducks/wetland) and percent of the habitat plot that
consisted of roads, levees, and cropland (solid line), with
prediction interval (dashed lines), Delta National Forest,
Mississippi, winter 2012-2013. ..............................................................53

1.13

Estimated relationship between mallard (Anas platyrhynchos)
abundance (ducks/wetland) and percent of the habitat plot that is
hardwood forest (solid line), with prediction interval (dashed
lines), Delta National Forest, Mississippi, winter 2012-2013. ...............54

1.14

Estimated relationship between mallard (Anas platyrhynchos)
abundance (ducks/wetland) and number of surveys that
duckweed (Lemna spp.) was present (solid line), with prediction
interval (dashed lines), Delta National Forest, Mississippi,
winter 2012-2013. ..................................................................................55

1.15

Estimated relationship between gadwall (Anas strepera) abundance
(ducks/wetland) and distance from wetland to nearest ATV trail
or road (solid line), with prediction interval (dashed lines), Delta
National Forest, Mississippi, winter 2012-2013. ...................................56

1.16

Estimated relationship between gadwall (Anas strepera) abundance
(ducks/wetland) and wetland area (m2; solid line), with
prediction interval (dashed lines), Delta National Forest,
Mississippi, winter 2012-2013. ..............................................................57

ix

1.17

Estimated relationship between gadwall (Anas strepera) abundance
(ducks/wetland) and percent of a wetland that was scrub-shrub
(solid line), with prediction interval (dashed lines), Delta
National Forest, Mississippi, winter 2012-2013. ...................................58

1.18

Estimated relationship between gadwall (Anas strepera) abundance
(ducks/wetland) and number of surveys that hardwoods within
habitat plot were inundated (solid line), with prediction interval
(dashed lines), Delta National Forest, Mississippi, winter 20122013. .......................................................................................................59

1.19

Estimated relationship between gadwall (Anas strepera) abundance
(ducks/wetland) and number of surveys that duckweed (Lemna
spp.) was present (solid line), with prediction interval (dashed
lines), Delta National Forest, Mississippi, winter 2012-2013. ...............60

1.20

Estimated relationship between hooded merganser (Lophodytes
cucullatus) abundance (ducks/wetland) and distance from
wetland to nearest ATV trail or road (solid line), with prediction
interval (dashed lines), Delta National Forest, Mississippi,
winter 2012-2013. ..................................................................................61

1.21

Estimated relationship between hooded merganser (Lophodytes
cucullatus) abundance (ducks/wetland) and percent of a wetland
that was scrub-shrub (solid line), with prediction interval
(dashed lines), Delta National Forest, Mississippi, winter 20122013. .......................................................................................................62

1.22

Estimated relationship between hooded merganser (Lophodytes
cucullatus) abundance (ducks/wetland) and percent of the habitat
plot that is hardwood forest (solid line), with prediction interval
(dashed lines), Delta National Forest, Mississippi, winter 20122013. .......................................................................................................63

2.1

Locations in Delta National Forest (DNF; yellow line), Mississippi,
where wood ducks (red dots), mallards (green dots), and gadwall
(white dots) were observed most frequently during my pilot
study (winter 2011-2012) and winter 2012-2013. ..................................79

2.2

Map of Delta National Forest (outlined in yellow), Mississippi,
depicting locations of 6 greentree reservoirs (outlined in red) and
area prone to inundation because of water control structures
(outlined in blue); thinning of woody vegetation could occur to
help establish early successional plants favorable to waterfowl. ...........80

x

2.3

Location in Delta National Forest (DNF), Mississippi, where moist-soil
management (10 ha; pink line, bottom photo) and a waterfowl
sanctuary (white line) could be established............................................81

xi

CHAPTER I
WINTERING WATERFOWL USE OF DELTA NATIONAL FOREST, MISSISSIPPI

Introduction
The Mississippi Alluvial Valley (MAV) encompasses approximately 10 million
ha in portions of seven states extending from southern Illinois southward to the Gulf of
Mexico (Reinecke et al. 1989). Historically, the MAV was predominately bottomland
hardwood forest in the floodplains of the Mississippi River and its tributaries (Saucier
1994, Gardiner and Oliver 2005, King et al. 2005, Klimas et al. 2005). However, nearly
75% of the forested landscape has been cleared for flood control, dam construction, and
conversion to agricultural and urbanized lands (MacDonald et al. 1979, Fredrickson
2005, Gardiner and Oliver 2005, King et al. 2005, Oswalt 2013). These changes have
greatly modified hydrology of the MAV and also influenced waterfowl distribution and
resource use amid remaining forested and other habitats (Heitmeyer 2001, 2006; King et
al. 2006, Pearse et al. 2012).
Waterfowl are highly adaptable and have persisted in the MAV in spite of
dynamic transformation from pristine landscape conditions. Most species of dabbling
and diving ducks that use the MAV have adapted to increased agricultural land base and
use flooded croplands; emergent, forested, and riverine wetlands; and other natural and
artificial wetlands to meet foraging and other resource needs (Delnicki and Reinecke
1987, Dubovsky and Kaminski 1987,1992; Reinecke et al. 1989, Manley et al. 2004,
1

Pearse et al. 2012). For example, Pearse et al. (2012) reported that dabbling duck
abundances at a landscape scale (5,000 ha) in western Mississippi in winter were greatest
within habitat complexes that contained approximately 50% flooded cropland, 15%
seasonal-emergent wetlands, 20% forested wetlands, and 15% permanent wetlands.
Despite importance of a diversity of habitats in meeting needs of wintering waterfowl, the
relative value of forested wetlands to mallards (Anas platyrhynchos), dabbling and wood
ducks (Aix sponsa), and other fauna cannot be overemphasized (Fredrickson and
Heitmeyer 1988, Heitmeyer et al. 2005, Heitmeyer 2006, Batema et al. 2005, Davis and
Afton 2010, Lancaster 2013).
Hardwood bottomlands in the MAV provide nutrient-rich foods, sanctuary from
hunting and natural predators, and loafing habitats for at least ten species of waterfowl,
including wood duck, mallard, gadwall (Anas strepera), northern pintail (A. acuta),
green-winged teal (A. crecca), American wigeon (A. americana), northern shoveler (A.
clypeata), ring-necked duck (Aythya collaris), hooded merganser (Lophodytes
cucullatus), and Canada goose (Branta canadensis; Fredrickson and Heitmeyer 1988,
Heitmeyer 2001). Resident wood ducks and hooded mergansers rely on forested
wetlands for resources during their annual cycle (Drobney and Fredrickson 1979,
Bellrose 1980, Drobney 1980, Fredrickson and Heitmeyer 1988). Wood ducks
specifically seek aquatic invertebrates in forested wetlands prior to and during egg laying
to obtain protein and minerals needed for bodily maintenance and egg production
(Drobney and Fredrickson 1979, Drobney 1980). Drobney and Fredrickson (1979) found
that invertebrates compromise 79% of diets of egg-laying wood ducks. Additionally,
migratory and resident waterfowl undergo several biological and social events during
2

winter, including completion of pre-alternate molt, courtship and pairing, and pre-basic
molt and nutrient deposition (Heitmeyer 1988a, Heitmeyer 1988b, Heitmeyer and
Fredrickson 1990, Richardson and Kaminski 1992, Barras et al. 2001, Heitmeyer et al.
2005).
Forested wetlands contain abundant and nutritious forage, such as acorns, aquatic
invertebrates, samaras, and seeds of herbaceous plants (Bellrose 1980, Delnicki and
Reinecke 1986, Fredrickson and Heitmeyer 1988, Combs and Fredrickson 1996, Dabbert
and Martin 2000). Forests also serve to protect birds from weather and predation and
provide microhabitats for foraging, courtship, loafing, roosting, and attainment of other
resources (Reinecke et al. 1989, Sherman et al. 1992, Kaminski et al. 1993, Heitmeyer
2001, 2006). Wintering waterfowl exploit hardwood bottomlands when they become
available, typically following rain events and riverine flooding (Bellrose 1980, Combs
and Fredrickson 1996, Heitmeyer 2001, 2006, Heitmeyer et al. 2005). Heitmeyer (2006)
reported that mallards increase daily food consumption during floods by 33–39% over
daily existence energy. During years of excellent acorn masting, mallard diets may
comprise 95% acorns when they use flooded forests (Combs and Fredrickson 1996).
Abundant resources in a single habitat may result in reduced daily movements by
waterfowl, which may confer energetic and survival advantages (Davis and Afton 2010,
Lancaster 2013).
Several studies, primarily on breeding grounds, have shown that interspersion of
emergent vegetation and open water results in increased diversity and abundance of
waterbirds (Cowardin 1969, Kaminski and Prince 1981, Murkin et al. 1982, Linz et al.
1996, Murkin et al. 1997, Smith et al. 2004, Rehm and Baldassarre 2007, Schummer et
3

al. 2012). Collectively, these studies reveal a pattern that wetlands with a 50:50 percent
ratio of emergent vegetation and open water (i.e., hemi-marshes) attracted greatest
abundances and diversity of breeding and wintering waterfowl (Weller and Spatcher
1965, Weller and Fredrickson 1974, Kaminski and Prince 1981, Murkin et al. 1982, Linz
et al. 1996, Murkin et al. 1997, Smith et al. 2004, Webb et al. 2010, Schummer et al.
2012). Hemi-marshes provide enhanced food resources and breeding habitat by
maximizing interspersion and coverage of vegetation and water (Weller and Spatcher
1965, Weller and Fredrickson 1974, Kaminski and Prince 1981). Compared to other
cover-water configurations, hemi-marshes often have greater diversity and abundance of
aquatic invertebrates (Batzer et al. 2006), vital foods for breeding females and ducklings
(Alisauskas and Ankney 1992, Sedinger 1992). Furthermore, hemi-marshes permit
breeding waterfowl to isolate themselves from conspecifics, which can increase density
of territorial pairs (Kaminski and Prince 1981, Murkin et al. 1982). Hemi-marshes also
are important to migrating and wintering waterfowl (Smith et al. 2004, Webb et al. 2010).
Smith et al. (2004) studied nonbreeding waterfowl use of playa wetlands in Texas and
hypothesized that increased habitat diversity and edge in hemi-marsh playas was
correlated with increased waterfowl abundance. However, to our knowledge, the hemimarsh concept has not been examined in lowland forested wetlands with respect to how
the ratio of scrub-shrub vegetation to open water may influence wetland use by wintering
waterfowl.
Bottomland hardwood forests often become inundated following heavy
precipitation, runoff, and riverine flooding, creating extensive shallow water habitat and a
pulse of newly available resources for waterfowl (Wolfgang et al. 1989, Heitmeyer 2006,
4

Yang et al. 2008). Resource pulses also may be linked to population dynamics of several
taxa, including waterfowl (Heitmeyer and Fredrickson 1981, Kaminski and Gluesing
1987, Reinecke et al. 1988, Williams and Simon 1995, Polis et al. 1997, Koenig and
Knops 2001). Mallard use increases in the MAV during wet winters when birds can
exploit available resources and complete annual cycle events more quickly and increase
nutrient deposition than during dry winters (Heitmeyer and Fredrickson 1981, Nichols et
al. 1983, Reinecke et al. 1988, Heitmeyer 2006). In winters with abundant precipitation,
waterfowl maintain greater body condition, which subsequently prepares them for spring
migration and reproduction and possibly enhances recruitment (Heitmeyer and
Fredrickson 1981, Kaminski and Gluesing 1987, Heitmeyer 2006).
Human disturbance has received less attention relative to habitat use by wintering
waterfowl. Anthropogenic disturbance can affect behavior and survival of some wildlife,
similar to effects of natural predators on prey (MacArthur et al. 1982, Frid and Dill 2002,
Stankowich 2008). A real or perceived threat (e.g., hunting) to an individual can result in
the organism being displaced from greater to lesser quality habitat which could ultimately
decrease fitness (Madsen 1994, Knight and Gutzwiller 1995, Frid and Dill 2002, Little
2011). Public lands that are hunted expose waterfowl and other wildlife to disturbance
and mortality from hunting as well as vehicular disturbance (e.g., all-terrain vehicles
(ATVs); Holbrook and Vaughan 1985, Korschgen and Dahlgren 1992, Evans and Day
2002, Laurance et al. 2006). Although recent work in Mississippi investigated the effect
of weekly hunting frequency on duck abundance and harvest (St. James 2011, St. James
et al. 2013), no prior information exists on the indirect effect that distance from roads or
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ATV trails may have on waterfowl use of hardwood bottomlands in public forestlands
such as national forests and wildlife refuges or management areas.
My research sought to address knowledge gaps regarding influence of 1) wetland
and other habitat composition and structure, 2) flood pulses and forest inundation, and 3)
potential human disturbance on an index of wintering waterfowl abundance (i.e.,
ducks/wetland; hereafter, abundance) in Delta National Forest (DNF), Mississippi.
Previous waterfowl research in DNF focused solely on impounded green-tree reservoirs
(GTR; Kaminski et al. 1993, Sherman et al. 1995); thus, my study was first to examine
wintering waterfowl use of natural, non-impounded wetlands in DNF. The DNF is the
largest contiguous bottomland hardwood forest in Mississippi and the second largest
publicly owned tract in the MAV (Gardiner and Oliver 2005). Additionally, DNF is the
only national forest in the United States containing predominantly bottomland
hardwoods. Currently, most management at DNF for wintering waterfowl is done
passively using water-control structures; however, some active water manipulation and
silvicultural improvement occurs in GTRs. Therefore, managers are interested in
improving their understanding wintering waterfowl dynamics within DNF to guide
management actions there and other forested wetlands in the MAV.
Study Area
The DNF is located in Sharkey County in west-central Mississippi, 23 km
southeast of Rolling Fork, Mississippi (32° N, 90° W; Figure 1.1). It is 24,684 ha of
bottomland hardwoods owned and managed by the U.S. Department of Agriculture
Forest Service (USFS), with additional management assistance from the Mississippi
Department of Wildlife, Fisheries, and Parks (MDWFP; Gardiner and Oliver 2005).
6

Habitats at DNF include lakes containing bald cypress (Taxodium distichum) and
water tupelo (Nyssa aquatica), the Big Sunflower and Little Sunflower rivers, scrubshrub swamps dominated by common buttonbush (Cephalanthus occidentalis) and
eastern swamp privet (Forestiera acuminata), naturally flooded red oak flats (e.g.,
Quercus texana, Q. phellos), and six GTRs (Reinecke et al. 1989, Wehrle et al. 1995).
Mechanical issues and funding shortfalls have currently stalled nearly all-active water
management (e.g., pumping) in GTRs. Nonetheless, USFS continues to close water
control structures in GTRs biannually to promote natural inundation of the forest and to
provide habitat for waterfowl and duck hunting.
Depth and extent of flooded habitat varies seasonally with deepest flooding
occurring during winter-spring as a result of rain, run-off, and flooding by nearby Yazoo,
Big and Little Sunflower Rivers, and their tributaries. Rivers, lakes, and openings in
scrub-shrub swamps typically contain water depths (≥1 m) seasonally to inhibit
succession woody vegetation. Annual rainfall averages 127–152 cm and ambient
temperatures from November-March average 7.8° to 12.2° C (Prism Climate Group
2013).
Methods
Identifying Wetlands and Habitat Plot Composition
I identified a sampling universe of 257 semi-permanent and permanent wetlands
in DNF using ESRI ArcMap v. 10 (hereafter ArcMap; ESRI Inc., Redlands, CA) and
Bing Map 2011 (Microsoft Inc., Redmond, WA). Prior to selecting a sample of these
wetlands for waterfowl surveys, I partitioned long continuous drainages (i.e., bayous)
into approximately 400-m sections. I selected this length because it conformed to natural
7

meander segments of bayous and was possible to survey logistically, visually, and
entirely while walking or from a pirogue when water depths precluded wading. I
included drainage and bayou segments as part of the 257 wetlands and then randomly
selected 65 wetlands or segments (25% sampling rate; Figure 1.2). During my pilot study
during winter 2011-2012, I determined that 65 wetlands or segments could be surveyed
within a period of ≤10 days, so as to lessen bias of abundance estimates of waterfowl by
longer time intervals between surveys. I calculated mean length of surveyed wetlands (

x = 345 ±29.3m [SE]) and computed a coefficient of variation (CV = SE/ x x 100). The
CV was 8.5% suggesting relatively low variability and thus consistency in wetland or
segment size among the 65 sample units. I used the mean length as the radius to form a
circular plot around each of the 65 wetland units for relating waterfowl use to habitat
characteristics within the circular plots (hereafter referred to as habitat plots; Figure 1.3).
I designated the center of each wetland or segment as the centroid of the circle with
aforementioned radius of 345 m (area = 37.4 ha). After creating habitat plots, I used
ArcMap to digitize Bing Maps 2011 aerial photos, the most contemporary and detailed
photos available of DNF (30-cm resolution). Habitat plots included several structural
components: hardwood forest, scrub-shrub (i.e., ≤ 4 m tall), open water, roads, ATV
trails, croplands, clear-cuts, and clearings. I visited all plots to ground-truth habitat
features. Habitat covariates included the proportions of hardwood forest and roads,
levees and cropland combined for all 65 plots. Using aerial photos and ArcMap, I also
measured from the center of each survey wetland to the nearest ATV trail or road.
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Ground Surveys
I conducted diurnal waterfowl surveys of the 65 selected wetlands from midNovember 2012 to early March 2013, when mallards and other wintering ducks were
typically abundant in the MAV (Reinecke et al. 1989, Sherman et al. 1992, Pearse et al.
2008). I surveyed wetlands once every 4–9 days to limit disturbance and alternated
sequential order of wetlands surveyed and surveyor (3 observers) to reduce possible
biases from these. I considered each 4–9 day interval as a survey period. During
surveys, I counted and recorded all observed ducks within habitat plots as an index of
their abundance (hereafter, abundance). Additionally, when hardwood forest within
habitat plots became inundated I counted ducks observed in flooded timber within the
plot circumference. I also noted whether duckweed (Lemna spp.) was present (i.e., any
quantity observed by surveyor) or absent in the plot during each survey, because gadwall,
wood duck, and other ducks forage on duckweed (Drobney and Fredrickson 1979, Paulus
1982, Fredrickson and Heitmeyer 1988, McKnight and Hepp 1998, Gruenhagen and
Fredrickson 1990, Bellrose and Holms 1994). Additionally, I recorded any detectable
disturbance to waterfowl such as hunting activity that was occurring in or near the
wetland during each survey. I conducted waterfowl surveys from sunrise to sunset but
did not conduct them during heavy rain, dense fog, or other inclement conditions that
inhibited visual detections of birds (Ralph et al. 1995, O’Neal et al. 2008). I monitored
water levels of the Big Sunflower and Little Sunflower Rivers using the U.S. Army Corps
of Engineers river gages at Holly Bluff and Riverside, Mississippi, respectively (U.S.
Army Corps of Engineers 2013).
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Statistical Analysis
Waterfowl use of DNF is temporally and spatially dynamic; thus, I could not
assume population closure and used a generalized open-population hierarchical Nmixture model (hereafter the Dail-Madsen model) to estimate abundance of waterfowl at
DNF (Dail and Madsen 2011). Because I was primarily interested in how waterfowl
abundance varied relative to habitat characteristics of the 65 wetland units, my inference
was limited to DNFs semi- and permanent wetlands and not all of DNF. Nonetheless, my
sampling effort accounted for a substantive percentage (25%) of wetlands of these types
in DNF; thus, I assumed sampled wetlands were representative of DNFs semi- and
permanent wetlands.
The Dail-Madsen model accommodates repeated counts within or across seasons
and relaxes the closure assumption made by previous N-mixture models (e.g., Royle
2004). This model is a modified Jolly-Seber model structure for metapopulations that
removes need to mark and recapture individuals. In addition to estimating site- and timespecific abundance (λ), the Dail-Madsen model estimates recruitment rate or immigration
(γ), apparent survival/mortality or emigration (ω), and detection probability (p).
Observers vary in their ability to count and detect birds and are unable to detect all
waterfowl present during surveys, especially in dense vegetation or for large groups of
birds (Diefenbach et al. 2003, Gregory et al. 2004; Pagano and Arnold 2009a, 2009b).
Modeling detection probability accounts for imperfect detection and can reduce spatial
and temporal bias in counts (Zipkin et al. 2014). Additionally, the Dail-Madsen model
limits site-level covariates only for λ and site-level and yearly (observation-level
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covariates when not using a robust design) site-level covariates for γ, ω, and p (Fiske and
Chandler 2011).
I implemented the Dail-Madsen model using the function pcountOpen in the R
package unmarked (Fiske and Chandler 2011). I included covariates only for λ and p, the
latter of which is known to bias estimates of abundance during ground surveys of
waterfowl (Pagano and Arnold 2009a, 2009b). I used Pearson product-moment
correlation to examine multi-collinearity among covariates. If pairs of covariates were
correlated (r ≥ 0.70), I only included one of the covariates in my global model (Kaminski
and Prince 1984). Only one pair of covariates was strongly correlated (r ≥ 0.70) which
was wetland area (i.e., open water area + scrub-shrub area) and scrub-shrub area (r =
0.93), thus, I only included wetland area. I examined possible heterogeneity in detection
probability among three observers (Surveyors C, M and T), time of day, total number of
ducks, and percent of a wetland that was scrub-shrub. I selected a priori possible
biological reasonable covariates of λ, including distance from wetland to nearest ATV
trail or road (m) as an index of possible disturbance, wetland area (m2), percent scrubshrub (linear and quadratic), number of detected human disturbances, number of surveys
when water extended from wetland into surrounding hardwood forest, cumulative
percentage of habitat plot consisting of roads, levees, and cropland (i.e., human
development), percentage of habitat plot in hardwood bottomland, and number of surveys
when duckweed was present (Table 1.1). I recognized that number of detected human
disturbances while conducting surveys was confounded by coincidence of our presence
and other humans, it was the only date- and site-specific variable measurable to index
disturbance. I normalized (i.e., x = 0, SD = 1) all continuous covariates to facilitate
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model convergence (Fiske and Chandler 2011). The Dail-Madsen model allows
specification of surveys into primary and secondary survey periods (Dail and Madsen
2011, Fiske et al. 2014). Primary periods can be different years, months, or survey
periods when the population is closed (i.e., no immigration, emigration, births or deaths).
Additionally, within each primary period, the researcher can have multiple survey periods
called secondary surveys, which can improve model estimates. Based on expected
animal movement between periods and immigration and emigration during winter, I
analyzed data using primary periods only. Additionally, the function pcountOpen allows
specification of data distributions as negative binomial, Poisson, or zero-inflated Poisson
(Fiske et al. 2014). Based on exploratory global models of these possible distributions, I
determined the most suitable distribution based on lowest Akaike’s Information Criterion
(AIC) value and if it generated realistic estimates with no outlier SEs (i.e., SE >200 on
beta estimate of 2; Akaike 1973). I specified a zero-inflated Poisson distribution for
wood duck, mallard, gadwall, and hooded merganser models. I developed species
specific models because life histories of these birds differ, which may result in
differential use of DNF wetlands.
Model Selection
I began with a global model, modeling 8 parameters on λ and 4 on p (Table 1.1).
My analysis was exploratory because I did not have a priori selected models testing
specific hypotheses. However, I suspected that some or all of my covariates could
influence variation in λ or p. Thus, I used a two-step process in which I developed a
model for p, keeping λ fully parameterized (Lebreton et al. 1992). Using backward
stepwise model selection, I began with a 4-parameter detection model and 4 3-parameter
12

models, removing one of the 4 parameters in each of the 3-parameter models. I then
ranked models using AIC, with the model with ΔAIC = 0 having most support. If one of
the 3-parameter models had greatest support, I created 3 additional 2-parameter models
and continued until removal of additional parameters did not further reduce AIC value.
When I determined the combination of covariates with the lowest AIC value for p, I
included the most supported p model in all models for λ. Then, I used the same backward
stepwise selection process for modeling covariates of λ. I retained all models exhibiting
support (≤2ΔAIC units; Burnham and Anderson 2002:170) and created new sets of
candidate models, all with one parameter removed for each supported model (i.e., two 8parameter models with ≤2 ΔAIC units created a new candidate set of models that
includes 16, 7-parameter models). This process continued until removal of additional
parameters did not further reduce AIC value. Although this ‘step-down’ approach does
not necessarily bias parameter estimates, it can lead to more highly parameterized models
among supported models compared to running all possible model combinations (Doherty
et al. 2012). Run times for the Dail-Madsen model prohibited examining all possible
combinations of models (i.e., 4,096 models per species). Additionally, attempting the
‘plausible combinations’ approach (Bromaghin et al. 2013) would have likely lead to
>1,000 models per species, based on coefficient estimates from the global model. Thus, I
acknowledge variable selection may be liberal and thus further scrutinized biological
meaningfulness of supported covariates by examining whether supported covariates had
coefficients with 85% confidence intervals (CIs) that overlapped zero. I used an 85% CI
because it is more aligned with the significance level associated with AIC model
selection (Arnold 2010). If CIs overlapped zero, I assumed the variable effect was weak
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and did not consider it further. Furthermore, I model-averaged parameter estimates
across models with ≤2ΔAIC units of the most supported model (Burnham and Anderson
2002:170). Model averaging reduces bias and increases precision on parameter
estimates, compared to using a single top model (Burnham and Anderson 2002).
Results
I conducted 17 surveys of waterfowl on 65 wetlands (1,105 surveys) from 16
November 2012 to 1 March 2013. I counted 6,718 ducks on the 65 wetlands and another
2,551 ducks in flooded bottomland hardwood forest within habitat plots (9,269 total
ducks; Table 1.2). The most frequently occurring and abundant species among surveys
were wood duck (42% frequency of occurrence, 60% relative abundance, respectively),
mallard (10%, 18%), gadwall (6%, 20%), and hooded merganser (7%, 2%). I also
detected American wigeon, northern shoveler, and ring-necked duck but only during one
survey. Given rarity of these species, I excluded them from further analyses and report
below results for wood ducks, mallards, gadwall, and hooded mergansers, focusing on
relationships between estimated abundance of these ducks and measured covariates.
Additionally, the Big Sunflower and Little Sunflower Rivers crested their banks and
inundated approximately 50% of DNF from 11 January to 3 February 2013 and then
again briefly from 13 February to 15 February 2013, coinciding with survey periods 1012 and 14-15, respectively (Table 1.2).
Wood Duck
I model averaged 10 models that were ≤2ΔAIC units from the most supported
model (Table 1.3). Important covariates of estimated wood duck abundance included
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distance to nearest ATV trail or road, wetland area, percent scrub-shrub, number of
disturbances, flood duration, percent road/levee/cropland, percent hardwoods, and
presence of duckweed. The 85% CI for distance to nearest ATV trail or road (β=−0.15,
85% CI=−0.27-−0.03), wetland area (β=0.17, 85% CI=0.08-0.26), and number of
disturbances (β=0.24, 85% CI=0.02-0.46) did not include zero, suggesting these
covariates reliably explained variation in wood duck abundance (Table 1.7). Wetland
area and number of disturbances were positively associated with wood duck abundance
(Figures 1.5 and 1.6, respectively). Wood duck abundance was negatively correlated
with distance to nearest ATV trail or road (Figures 1.4). Although included in competing
models, percent scrub-shrub, flood duration, percent road/levee/cropland, percent
hardwoods, and the presence of duckweed showed no evidence of influencing wood duck
abundance because their CIs included zero (Table 1.7). Lastly, three detection
probability parameters were included in model-averaged estimates, which accounted for
non-perfect detection of wood ducks; they were surveyor, total number of ducks, and
time of day (Table 1.7). Surveyor C was included in the intercept estimate (β=−2.93,
85% CI=−3.01-−2.85); additionally, surveyor M (β=0.14, 85% CI=0.06-0.23) and
surveyor T (β=0.24, 85% CI=0.14-0.33) affected detection probability. Additionally,
total number of ducks (β=3.23, 85% CI=3.11-3.36) and time of day (β=0.14, 85%
CI=0.10-0.18) positively influenced detection probability for wood ducks.
Mallard
Mallard use of DNF was basically nonexistent prior to overbank flooding that
inundated red-oak flats. I only detected 11 mallards in 520 wetland surveys from 16
November 2012 to 7 January 2013 (Table 1.2). Given rarity of mallards, models would
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not converge or resulted in large standard errors (e.g., SE’s > 500 on some estimates).
Thus, I deleted data from the survey periods 1-8, because survey period 9 was the first in
which I had ≥10 observations of mallards and included data from 8 January 2013 to 1
March 2013 (585 surveys) to model mallard occupancy at DNF.
The most supported model for estimated mallard abundance was the global model
which included all 8 abundance and 4 detection covariates (Table 1.4). No other model
was ≤2ΔAIC units of the global model. All 8 covariates were biologically significant
having CIs that did not include zero (Table 1.8). Variables positively associated with
mallard abundance included distance to ATV trail or road (β=0.54, 85% CI=0.46-0.62;
Figure 1.7) and flood duration (β=0.81, 85% CI=0.70-0.92; Figure 1.11). Mallard
abundance was greatest in wetlands with an approximately 50:50 ratio of scrub-shrub to
open water area (Figure 1.9). Variables negatively associated with mallard abundance
included wetland area (β=−0.86, 85% CI=−1.03-−0.68; Figure 1.8), number of
disturbances (β=−0.21, 85% CI=−0.31-−0.11; Figure 1.10), percent road/levee/cropland
(β=−0.76, 85% CI=−0.87-−0.64; Figure 1.12), percent hardwoods (β=−1.77, 85%
CI=−1.98-−1.55; Figures 1.13), and presence of duckweed in a wetland (β=−1.05, 85%
CI=−1.18-−0.92; Figure 1.14). Lastly, all detection covariates had some model support
(Table 1.8). Surveyor C was included in the detection probability intercept (β=−2.30,
85% CI=−2.41-−2.19); additionally, surveyor M (β=−1.19, 85% CI=−1.30-−1.09) and
surveyor T (β=−0.64, 85% CI=−0.77-−0.51) affected detection probability. Percent
shrub-shrub (β=−0.10, 85% CI=−0.14-−0.06) and total number of ducks (β=−0.31, 85%
CI=−0.37-−0.25) negatively influenced detection probability, while time of day (β=0.65,
85% CI=0.60-0.69) positively affected detection probability.
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Gadwall
Similar to trends with mallard, gadwall counts remained low during the first half
of winter but increased substantially in late winter-early spring (Table 1.2). I again
applied the same approach to remove data until ≥10 observations were made during a
survey period (Table 1.2). Thus, model estimates were derived from 650 surveys from 2
January 2013 to 1 March 2013.
Three models were within ≤2ΔAIC of the top model; thus, I model averaged these
for gadwall abundance estimates (Table 1.5). Six covariates of interest showed support
in model averaging, and five of these had biologically meaningful effects because their
85% CIs did not overlap zero (Table 1.9). Covariates positively associated with gadwall
abundance included distance to nearest ATV trail or road (β=0.45, 85% CI=0.36-0.54;
Figure 1.15), duration of flooding (β=0.08, 85% CI=−0.01-0.14; Figure 1.18), and
presence of duckweed (β=1.86, 85% CI=1.59-2.14; Figure 1.19). Percent scrub-shrub
had a quadratic effect on gadwall abundance; most gadwall occurred in wetlands with
either no scrub-shrub habitat or those dominated by scrub-shrub (Figure 1.17). Wetland
area (β=−0.31, 85% CI=−0.50-−0.13; Figure 1.16) was negatively correlated with
gadwall abundance. Lastly, four detection probability covariates were supported,
including surveyor, total number of ducks, percent scrub-shrub, and time of day (Table
1.9). Surveyor C was included in the detection probability intercept (β=−2.27, 85%
CI=−2.35-−2.19), and surveyor M (β=0.51, 85% CI=0.42-0.61) and T (β=0.34, 85%
CI=0.22-0.46) also affected detection probability. Total number of ducks (β=0.79, 85%
CI=0.71-0.87) and percent scrub-shrub (β=1.93, 85% CI=1.22-2.63) positively affected
detection probability and time of day showed no affected (β=0.00, 85% CI=−0.04-0.04).
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Hooded Merganser
Hooded merganser abundance was relatively steady during winter 2012-2013
(Table 1.2). Model-averaged estimates included 10 models that were ≤2ΔAIC of the top
model (Table 1.6). Eight covariates were included in model averaged estimates of
hooded merganser abundance; however, only three covariates had an 85% CI that did not
overlap zero (Table 1.10). Percent scrub-shrub had a quadratic effect on hooded
merganser abundance, indicating the greatest merganser abundance occurred in wetlands
with approximately 50:50 ratio of scrub-shrub to open water (Figure 1.21). Percent
hardwoods was positively associated with merganser abundance (β=0.83, 85% CI=0.381.29; Figure 1.22), and distance to nearest ATV trail or road was a negative correlate
(β=−0.26, 85% CI=−0.48—0.04; Figure 1.20). Additionally, all 4 detection probability
covariates were included in model-averaged estimates (Table 1.10). Surveyor C was
included in the intercept for detection probability (β=−4.91, 85% CI=−5.40-−4.43), and
surveyor M (β=0.35, 85% CI=−0.07-0.64) and T (β=0.38, 85% CI=−0.05-0.70) affected
detection probability. Percent scrub-shrub (β=0.68, 85% CI=0.23-1.14) and total number
of ducks (β=0.15, 85% CI=0.02-0.28) had positive affects on detection probability
whereas time of day had 85% CI that included zero.
Discussion
My goal was to gain a contemporary understanding of wintering waterfowl use of
wetlands representative of DNF and then derive management implications consistent with
my results for the U.S. Forest Service and other managers of public and private
bottomland-hardwood tracts in the Mississippi Alluvial Valley. Additionally, I
emphasize my study was designed to identify correlates of habitat use by common duck
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species wintering in DNF with divergent life-history strategies (i.e., mallard, wood duck,
gadwall, and hooded merganser; Bellrose 1980) and not generate precise estimates of
their abundance (sensu Pearse et al. 2008), although I indexed habitat use by their
estimated abundance ascertained through ground surveys (Kaminski and Elmberg 2014).
My discussion is organized to evaluate application of the Dail-Madsen model used to
discern relationships between species-specific relative abundance and measured habitat
and other covariates and interpret detected ecological and environmental
interrelationships.
The Dail-Madsen model
I used the Dail-Madsen model (i.e., function pcountOpen in R package unmarked)
to account for non-perfect detection of ducks in my surveys. Despite usefulness of this
modeling approach for my analytical purpose, I identified potential weaknesses. My data
set contained numerous zero values because some species were absent for extended
periods during fall-winter but then increased significantly after hydrological events. For
example, mallards increased following inundation of DNF in winter 2012-2013 but few
birds occurred before flooding of the forest. Absence and dynamic abundances of
waterfowl may have caused unrealistically low detection probabilities, thus inflating
species-specific abundance estimates. Furthermore, no model performs well with species
that have very low detection probability (R. Chandler, [developer of pcountOpen],
personal communication). Thus, removing data when species were rare during winter
(i.e., mallard and gadwall) should have improved accuracy of model estimates.
Additionally, pcountOpen requires the researcher to set a K-value or maximum number
of individuals that may exist at a particular site. However, if K is set too low relative to
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estimated abundance, model estimates can be affected. Conversely, if K is set too high,
models may never reach a maximum-likelihood estimate and converge. Additionally,
higher K-values exponentially increase model run-times and increase requirements for
workspace memory. These constraints can compromise operation of Program R if
quantities of data exceed maximum capacity. For example, I was unable to perform
goodness-of-fit tests on my species-specific models because simulations would quickly
reach this maximum storage capacity. When only applying covariates to λ and p, most
models required between 30-90 minutes to converge.
Finally, when using the function pcountOpen, model run-times can be very time
consuming, and modeling covariates on γ and ω with data such as mine is ill-advised
because I attempted to apply one covariate to γ and it ran for over four weeks and never
converged (Fiske et al. 2014). Despite these limitations, I re-emphasize my intended use
of this modeling application was to identify correlates of habitat use by waterfowl, using
estimated abundance as an index of species-specific use. Indeed, accuracy and precision
of abundance estimates were less critical to my research than accurately detecting
correlates of habitat use.
Wetland area
Wetland area and structure influence waterfowl use of habitat (Cowardin 1969,
Kaminski and Prince 1981, Brown and Dinsmore 1986, Murkin et al. 1997, Savard et al.
1994, Smith et al. 2004, Rehm and Baldassarre 2007, Webb et al. 2010, Pearse et al.
2012, Schummer et al. 2012). Generally, increases in wetland area positively influence
dabbling duck abundance during winter and during spring migration (LaGrange and
Dinsmore 1989, Webb et al. 2010, Pearse et al. 2012). Wood duck abundance in DNF
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was positively correlated with wetland area. Larger wetlands may have harbored a
greater abundance of scrub-shrub, which was positively associated with wood duck
abundance. Wood ducks were associated with scrub-shrub habitat when oak flats were
dry and unavailable to them and other waterfowl. Scrub-shrub is pervasive cover in DNF
wetlands and may explain in part why I observed wood ducks in every surveyed wetland.
Wood ducks use scrub-shrub wetlands throughout their annual cycle, wherein they roost,
attain protection from predators, court, rear broods, and forage on seeds and aquatic
invertebrates (Bellrose and Holms 1994).
Unlike wood ducks, mallard and gadwall abundances were negatively correlated
with wetland area. Mallards primarily used oak flats in DNF during flood events.
Although I observed mallards using permanent wetlands with open water during floods, I
believe mallards used these areas to loaf and court but actively foraged for acorns and
other foods in flooded oak flats. Gadwall may have been associated with smaller wetland
areas, because they predominately used channels and bayous approximately 30-m wide
with small (<5 m) buffers of scrub-shrub. Like mallards, gadwall may have sought these
areas to disperse as pairs, loaf, and engage in other activities. Additionally, I frequently
observed active foraging by gadwall in bayous, where duckweed and blue-green
(cyanobacteria) and green (chlorophyta) algae occurred which gadwall ingest (Paulus
1982, Fredrickson and Heitmeyer 1988, McKnight and Hepp 1998). Observed patterns
in habitat use by mallard, wood duck, and gadwall suggest importance of interspersion of
flooded oak flats (Heitmeyer 2006) and scrub-shrub wetlands for ducks in DNF
(Fredrickson and Heitmeyer 1988).
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Presence of duckweed
Wetlands in DNF often contain duckweed or other floating and submersed aquatic
plants that provide food for waterfowl and attachment sites for aquatic invertebrates
(Fredrickson and Reid 1988). Some wetlands in DNF were completely covered with
duckweed while others contained little or none. Among dabbling ducks, gadwalls are
primarily herbivorous year-round (Bellrose 1980, Fredrickson and Heitmeyer 1988).
They also use scrub-shrub wetlands and consume duckweed, buttonbush seeds, and algae
(Paulus 1982, Fredrickson and Heitmeyer 1988, McKnight and Hepp 1998). Because I
did not assess food consumption by ducks in my study, I speculate upon gadwalls’
affinity for duckweed in DNF. Gadwall wintering in the MAV frequently use permanent
oxbow and other wetlands with abundant duckweed and exploit this resource during
winter, often significantly reducing standing crops from winter foraging (R. M.
Kaminski, personal communication).
Wood ducks and mallards consume duckweed (Drobney and Fredrickson 1979,
Gruenhagen and Fredrickson 1990, Bellrose and Holms 1994), but I did not detect a
positive association between presence of duckweed and estimated abundance of these
species. In fact, mallard abundance was negatively correlated with presence of
duckweed. I attributed this anomaly to evidence that mallards and wood ducks primarily
forage on acorns and invertebrates in flooded red oak flats and less on aquatic plants in
hardwood bottomlands and associated wetlands during winter (Drobney and Fredrickson
1979, Combs and Fredrickson 1996, Heitmeyer et al. 2005). Additionally, wood ducks
and mallards typically forage in shallower areas (<45 cm) and thus may avoid deeper
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wetlands that normally contained duckweed (Drobney and Fredrickson 1979, Fredrickson
and Heitmeyer 1988, Reinecke et al. 1989, Hagy and Kaminski 2012).
Percentage of plot in hardwood trees
The percentage of circular habitat plots around surveyed wetlands composed of
hardwoods varied with estimated abundance of mallard and hooded merganser, whereas
gadwall and wood duck abundances were not related to this covariate. Mallards and
hooded mergansers were negatively and positively correlated, respectively, with percent
hardwood cover in survey plots. The inverse relationship for mallards likely reflects that
the temporal extent of flooding of hardwoods was more important than their mere
presence or proportional coverage of hardwoods within survey plots.
Hooded mergansers are secretive and tend to use more permanently flooded
sloughs, backwaters, and scrub-shrub wetlands (Fredrickson and Heitmeyer 1988,
Dugger et al. 2009). However, they will take advantage of resources that become
available when hardwood forests become inundated (i.e., aquatic invertebrates and
acorns; Bellrose 1980). Hooded merganser abundance was likely positively associated
with hardwood forest because they used more isolated wetlands buffered by hardwoods
included in habitat plots. Greater abundance of hardwoods around permanent wetlands
may have provided a larger buffer from disturbance, such as from roads or levees.
Scrub-shrub and waterfowl use
I hypothesized that amount and distribution of scrub-shrub vegetation among
wetlands would result in different interspersion ratios of this vegetation and open water.
Although the ecological context of hemi-marsh (i.e., 50:50 ratio of interspersed
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vegetation and open water) was related to wetland use by breeding waterfowl and other
birds (Weller and Spatcher 1965, Weller and Fredrickson 1974, Kaminski and Prince
1981, Murkin et al. 1982, Linz et al. 1996, Murkin et al. 1997), more recent studies of
nonbreeding waterfowl have substantiated birds’ affinity for this wetland structural
configuration during spring migration (Webb et al. 2010) and winter (Smith et al. 2004).
Although I did not experimentally manipulate habitats in my study (cf. Kaminski
and Prince 1981, Murkin et al. 1982), I hypothesized that a hemi-marsh configuration
would influence use patterns by waterfowl, specifically a 50:50 interspersion of scrubshrub and open water would attract the greatest abundance of wintering ducks. Indeed,
scrub-shrub wetlands are important in the annual life history of wood ducks (Decker
1959, McGilvrey 1968, Reinecke et al. 1989, Hartke and Hepp 2004, Davis et al. 2007).
These wetlands afford ducks with overhead protection from predators, a buffer against
disturbance, and foraging, loafing, roosting, and courtship sites (Parr et al. 1979,
Reinecke et al. 1989, Bellrose and Holm 1994). I did not detect a relationship between
wood duck abundance and percent scrub-shrub. Nonetheless, wood ducks always
demonstrated affinity to wetlands containing some amount of scrub-shrub. McGilvrey
(1968) suggested optimum wood duck habitat contained 50-75% cover and 25-50% open
water. Parr et al. (1979) found wood ducks to prefer roosting in wetlands composed of
60% buttonbush and 40% open water. I detected wood ducks on all surveyed wetlands
and the mean proportion of scrub-shrub in those wetlands was 63% (SD = 32%),
suggesting no shortage of scrub-shrub habitat in DNF.
Gadwall abundance increased at low and high proportions of scrub-shrub, and
gadwalls were least abundant in wetlands with a hemi-marsh configuration. Gadwalls
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were most abundant in long continuous, narrow bayous (~30 m) with only small (<5 m)
buffered edges of scrub-shrub. Additionally, gadwalls were only observed in eight
wetlands more than once, five of which were bayou type wetlands. Furthermore, the
estimated increase in abundance as wetlands approach 100% scrub-shrub is because one
wetland that often contained gadwalls was 86% scrub-shrub habitat. This is somewhat
misleading because this particular wetland is vast in size encompassing nearly the entire
circular habitat plot. Even though it has more open water (>3 ha) than other wetlands it is
surrounded by so much scrub-shrub habitat that the percent scrub-shrub is relatively
great.
Despite benefits of scrub-shrub wetlands, dense and impenetrable vegetation
preclude access by mallard, gadwall, and other larger-bodied waterfowl (Linz et al. 1996,
Benoit and Askins 1999, Hagy and Kaminski 2012). Mallards are large dabbling ducks
that generally require openings in the canopy to descend onto water. Mallards used
scrub-shrub wetlands for loafing and courtship activities and perhaps as escape cover
from hunting pressure. However, as vegetation cover increased above 50% mallards and
gadwalls were increasingly excluded from wetlands (Kaminski and Prince 1981, Linz et
al. 1996, Benoit and Askins 1999, Hagy and Kaminski 2012). Hooded mergansers must
run on water to get airborne and thus need open areas. Additionally, hooded mergansers
consume fish, which are often found in deeper permanent open water wetlands where
scrub-shrub does not colonize. Also, open wetlands with dense scrub-shrub borders may
buffer ducks from predators and disturbance from hunters.
Overall, mallard, gadwall, and hooded merganser avoided wetlands with >90%
scrub-shrub. Only wood ducks were typically observed in wetlands with >90% scrub25

shrub, yet those occurrences were infrequent. My results suggest that hemi-marsh
configured wetlands in DNF generally attracted the greatest diversity and abundance of
ducks. As mentioned, ducks using DNF wetlands have diverse life histories. Thus, I
advocate the following habitat complexes within bottomland hardwoods to meet variable
species’ needs; lakes, rivers, scrub-shrub wetlands with hemi-marsh configuration, moistsoil management areas and flooded red oak flats (Sousa and Farmer 1983, Fredrickson
and Reid 1988, Reinecke et al. 1989, Pearse et al. 2012).
Landscape flooding
Seasonal flooding of bottomland hardwood areas seemed to be a significant driver
of mallard abundance in DNF and elsewhere in the MAV (Nichols et al. 1983, Battaglia
and Sharitz 2005, Conner and Sharitz 2005, Heitmeyer 2006). Winter floods are
particularly important for mallards as flooding makes acorns and invertebrates available.
Availability of acorns, other seeds, and invertebrates expedites completion of annualcycle events and enhances nutrient deposition in mallards (Nichols et al. 1983, Reinecke
et al. 1988, Heitmeyer 2006). These apparent fitness correlates may even carry-over to
the breeding grounds with improved recruitment (Heitmeyer and Fredrickson 1981,
Kaminski and Gluesing 1987, Reinecke et al. 1988). When the gage of Big Sunflower
River at Holly Bluff, Mississippi exceeds 26 m, the Big and Little Sunflower Rivers
overflow and inundate most of DNF (>15,000 ha). During these events, I observed wood
ducks switch from scrub-shrub wetlands to flooded hardwoods. I also observed very few
or no mallards pre-flood but thousands during flood events. These behaviors typified
those in a resource-pulse scenario (Wolfgang et al. 1989, Yang et al. 2008). Furthermore,
I observed a similar flood event in late December 2011 during my pilot study when the
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Big and Little Sunflower Rivers crested and inundated more than half of DNF. Almost
immediately thousands of mallards and wood ducks used newly flooded red oak forest.
However, river levels dropped on 3 January 2012, the oak flats drained, and waterfowl
numbers declined precipitously. My observations support previous research that
investigated biological events and associated wetland dynamics in bottomland hardwoods
(Heitmeyer et al. 1989, Heitmeyer 2006).
Gadwall did not respond like mallards to winter flooding of oak flats; however,
they did increase in abundance in late winter coinciding with flood events. Increased
gadwall abundance in DNF was likely related to closure of hunting season and beginning
of spring migration and not flooded hardwoods. Gadwalls are pelagic dabblers and
generally use semi-permanent and permanent wetlands (Bellrose 1980, Fredrickson and
Heitmeyer 1988). Thus, more stable or predictable wetlands, such as bayous and scrubshrub areas amid bottomland hardwoods, are important habitats for gadwall, hooded
merganser, and other more pelagic ducks observed using DNF wetlands (e.g., American
wigeon, northern shoveler, and ring-necked duck). Indeed, these semi-permanent and
permanent wetlands within DNF may function similar to bays and inlets that provide
important aquatic vegetation to coastal wintering ducks and swans (Perry and Uhler
1988, Weaver 2013).
Possible evidence of disturbance
Wildlife often experience disturbance on public and private lands from hunting
and other recreational uses (Holbrook and Vaughan 1985, Korschgen and Dahlgren 1992,
Laurance et al. 2006, St. James et al. 2013). Sanctuaries are important to waterfowl and
other wildlife, where they can seek disturbance-free environments (Korschgen and
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Dahlgren 1992, Davidson and Rothwell 1993, Madsen 1994, Madsen 1998, Borgmann
2011). At DNF, ATVs can legally travel designated trails and venture off trails up to
≤2.4 km to retrieve harvested big-game. My observation is that ATV laws are
considerably ignored by the public at DNF. There are well-worn ATV trails and vehicles
are frequently parked throughout the forest, with no apparent intent to retrieve downed
big-game by owners. Despite lack of quantitative estimates of ATV use at DNF, I submit
that inviolate sanctuaries are virtually non-existent in DNF because of public disturbance
(Broseth and Pedersen 2000). Waterfowl hunting ends at noon in GTRs at DNF when
wetland managers mechanically flood the impoundments. Concomitantly, hunting of
other game in GTRs during the waterfowl hunting season is prohibited, which
theoretically results in refugia for waterfowl. Unfortunately, budget or other restrictions
currently prevent managed flooding of six GTRs, thus nullifying potential sanctuary and
predictable flooded hardwood habitat for waterfowl at DNF.
I purposefully included three covariates in my analyses to understand potential
implications of disturbance: (1) distance to nearest ATV trail or road; (2) number of
surveys during which disturbances were detected; and (3) percent of circular habitat plot
that consisted of roads, levees, and cropland. Supporting my a priori predictions, mallard
and gadwall numbers increased as distances from these potential disturbances increased.
In contrast, wood duck and hooded merganser abundance increased positively with
proximity to ATV trails and roads. The latter outcome is perplexing, but there may be
explanations. First, the presence of an ATV trail alone does not directly implicate
disturbance. Although I did not quantify frequency of disturbances, mere presence of
ATV trails provides recreational users with access to or near wetlands used by waterfowl
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which generally induces disturbance. Second, wood ducks and hooded mergansers
exhibited an affinity for dense scrub-shrub; perhaps these species sought cover in scrubshrub and did not flush in response to disturbance from ATVs or hunters on the trails,
enabling me to detect these birds during surveys.
While conducting surveys, I recorded passing ATVs and whether or not a wetland
was hunted. Mallards were the only species negatively associated with number of
disturbances while wood ducks were positively associated with disturbances. This
scenario seems logical if wood ducks returned to wetlands post disturbance more rapidly
than did mallards or remained in wetlands amid scrub-shrub in spite of disturbances.
During my 17 winter survey periods, I was present at a wetland for 15-30 minutes each
survey, but on some wetlands I had 4-6 surveys where I observed a disturbance event. If
I had conducted all surveys in the early morning and late afternoon when hunters were
most active, the number of actual disturbances per wetland likely would have been much
greater. These observations suggest non-regulated human activity may influence use and
abundance of some species of waterfowl at DNF. If a goal for DNF is to attract increased
abundances of ducks, I believe waterfowl sanctuaries are needed in DNF. I observed that
hunters tended to use larger wetlands in DNF, which could cause researchers to conclude
that habitats vacated by ducks are of poor quality, when in fact disturbance may be
affecting bird behavior.
Lastly, the percentage of my circular habitat plots that contained roads, levees,
and cropland in close proximity to surveyed wetlands also may be an important
consideration for waterfowl management. Mallards showed an aversion to these habitat
components, which likely was not mutually exclusive from effects of ATV trails.
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Mallards seemed to avoid wetlands where an ATV trail, road, or levee was ≤345m of a
wetland.
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Description
Distance from wetland to nearest ATV trail or road (m)
Area of open water and associated scrub-shrub (m2)
Percent of wetland that is scrub-shrub
Quadratic function of percent scrub-shrub
Number of surveys that a disturbance was detected
Number of surveys that surrounding forestland was inundated
Percent of habitat plot that is roads, levees or cropland
Percent of habitat plot that is forestland
Number of surveys that duckweed was present on wetland
Person who conducted survey
Total number of ducks counted in survey
Time of day when survey was conducted (0-24hr)

λ or p
λ
λ
λ&p
λ
λ
λ
λ
λ
λ
p
p
p
8.39
1203

0.00 – 432.00
725 - 1731

Range
504
45 – 1,390
27,363 3,569 – 213,322
0.62
0.00 – 0.99
0.62
0.00 – 0.99
1.09
0.00 – 6.00
2.71
0.00 – 9.00
0.02
0.00 – 0.40
0.87
0.43 – 0.98
6.52
0.00 – 17.00

x

Descriptions and descriptive statistics of covariates used to model an index of abundance (λ) or detection probability
(p) of ducks using 65 wetlands in Delta National Forest, Mississippi, winter 2012-2013.

Covariate Name
Distance to ATV trail or road
Wetland area
Percent scrub-shrub
Percent scrub-shrub2
Disturbance
Flood duration
Percent road/levee/cropland
Percent hardwood
Presence of duckweed
Surveyor
Total ducks
Time

Table 1.1
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12/19/12
12/26/12

1/2/13

1/8/13

1/14/13

1/22/13

1/28/13
2/3/13

2/8/13
2/14/13

2/20/13

2/25/13

6
7

8

9

10

11

12
13

14
15

16

17

722

458

799
686

274
626

197

158

460

430

347
339

245

354

190

225

208

Ducks in
wetland

121

180

268
136

200
318

144

143

395

409

337
325

231

342

169

212

193

WODUa

32

49

354
60

27
127

47

9

8

4

0
0

0

4

2

1

0

MALL

561

219

168
482

40
174

1

6

43

10

5
8

2

2

6

2

1

GADW

4

10

9
8

7
7

5

0

14

7

5
6

12

6

13

10

13

HOME

19

67

444
215

215
130

627

616

187

31

0
0

0

0

0

0

0

Ducks in
timber

13

34

140
81

97
52

319

478

180

21

0
0

0

0

0

0

0

WODU

4

8

269
69

113
63

307

124

3

0

0
0

0

0

0

0

0

MALL

0

25

35
60

1
15

0

12

0

10

0
0

0

0

0

0

0

GADW

2

0

0
5

3
0

1

2

4

0

0
0

0

0

0

0

0

HOME

741

525

1243
901

489
756

824

774

647

461

347
339

245

354

190

225

208

Total
ducks

134

214

408
217

297
370

463

621

575

430

337
325

231

342

169

212

193

WODU

36

57

623
129

140
190

354

133

11

4

0
0

0

4

2

1

0

MALL

561

244

203
542

41
189

1

18

43

20

5
8

2

2

6

2

1

GADW

6

10

9
13

10
7

6

2

18

7

5
6

12

6

13

10

13

HOME

Counts represent n ducks in wetlands, n in flooded timber within habitat plots, and then combined n ducks for total ducks surveyed.
a
WODU denotes wood duck, MALL, mallard, GADW, gadwall, and HOME, hooded merganser

12/8/12

12/3/12

3

12/14/12

11/26/12

2

5

11/16/12

1

4

Date

Total counts of wood duck (Aix sponsa), mallard (Anas platyrhynchos), gadwall (Anas strepera), and hooded
merganser (Lophodytes cucullatus) in Delta National Forest, Mississippi, winter 2012-2013 by survey period.

Period

Table 1.2
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ω
.
.
.
.
.
.
.
.
.
.

Surveyor+Tducks+Time
Surveyor+Tducks+Time
Surveyor+Tducks+Time
Surveyor+Tducks+Time
Surveyor+Tducks+Time
Surveyor+Tducks+Time
Surveyor+Tducks+Time
Surveyor+Tducks+Time
Surveyor+Tducks+Time
Surveyor+Tducks+Time

ρ

AIC
6444.77
6445.68
6445.78
6446.14
6446.23
6446.63
6446.64
6446.68
6446.73
6446.77

ΔAIC
0.00
0.91
1.01
1.37
1.45
1.86
1.87
1.90
1.96
2.00

wi
0.19
0.12
0.12
0.10
0.09
0.08
0.08
0.08
0.07
0.07

cumltvwi
0.19
0.31
0.43
0.53
0.62
0.70
0.78
0.86
0.93
1.00

Data are from 1,105 surveys on 65 wetlands in Delta National Forest, Mississippi, winter 2012-2013.
λ is initial abundance, γ is recruitment (immigration), ω is apparent survival (emigration and mortality), and ρ is detection
probability. A dot signifies no covariate effect. AIC is Akaike’s Information Criterion value; ΔAIC is the difference in Akaike’s
Information Criterion relative the smallest value; wi is AIC weight; and cumltvwi is the cumulative weight of that model plus
higher-ranking models. ATV is distance from wetland from wetland to nearest ATV trail or road; Area is wetland area (m2, scrubshrub area + open water area); PercentSS is percent of the wetland that is scrub-shrub habitat; Disturbance is the number of surveys
that a human disturbances detected; Flooded is the number of surveys that water inundated hardwood forests surrounding wetland;
PAnthro is the percent of habitat plot around a wetland that is roads, levee or cropland; PHW is percent of habitat plot that is
hardwood forest; Duckweed is the number of surveys that duckweed was present on a wetland; Surveyor is who conducted the
survey; Tducks is the total number of ducks counted in a survey; and Time is time of day that the survey was conducted.

γ
.
.
.
.
.
.
.
.
.
.

Candidate models for wood duck (Aix sponsa) estimated index of abundance used for model averaging.

ATV+Area
ATV+Area+Disturbance
Area+Disturbance
Disturbance
ATV+Area+PAnthro
Area
ATV+Area+Flooded
ATV+Area+PercentSS
ATV+Area+PHW
ATV+Area+Duckweed

λ

Table 1.3
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γ
Surveyor+PercentSS+Tducks+Time

ρ

AIC
5145.79

ΔAIC
0.00

wi
1.00

cumltvwi
1.00

Data are from 585 surveys from 8 January 2013 to 1 March 2013 on 65 wetlands in Delta National Forest, Mississippi.
λ is initial abundance, γ is recruitment (immigration), ω is apparent survival (emigration and mortality), and ρ is detection
probability. Squared terms indicate quadratic effects. A dot signifies no covariate effect. AIC is Akaike’s Information Criterion
value; ΔAIC is the difference in Akaike’s Information Criterion relative the smallest value; wi is AIC weight; and cumltvwi is the
cumulative weight of that model plus higher-ranking models. ATV is distance from wetland to nearest ATV trail or road; Area is
wetland area (m2, scrub-shrub area + open water area); PercentSS is percent of the wetland that is scrub-shrub habitat; Disturbance
is the number of surveys that a human disturbances detected; Flooded is the number of surveys that water inundated hardwood
forests surrounding wetland; PAnthro is the percent of habitat plot around a wetland that is roads, levee or cropland; PHW is
percent of habitat plot that is hardwood forest; Duckweed is the number of surveys that duckweed was present on a wetland;
Surveyor is who conducted the survey; Tducks is the total number of ducks counted in a survey; and Time is time of day that the
survey was conducted.

ω
.

Candidate model for mallard (Anas platyrhynchos) estimated index of abundance.

ATV+Area+PercentSS2+Disturbance+Flooded+PAnthro+PHW+Duckweed .

λ

Table 1.4
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ω
.
.
.

Surveyor+PercentSS+Tducks+Time
Surveyor+PercentSS+Tducks+Time
Surveyor+PercentSS+Tducks+Time

ρ

AIC
5002.29
5002.87
5003.13

ΔAIC
0.00
0.58
0.84

wi
0.42
0.31
0.27

cumltvwi
0.42
0.73
1.00

Data are from 650 surveys on 65 wetlands from 2 January 2013 to 1 March 2013 in Delta National Forest, Mississippi.
λ is initial abundance, γ is recruitment (immigration), ω is apparent survival (emigration and mortality), and ρ is detection
probability. Squared terms indicate quadratic effects. A dot signifies no covariate effect. AIC is Akaike’s Information Criterion
value; ΔAIC is the difference in Akaike’s Information Criterion relative the smallest value; wi is AIC weight, and cumltvwi is the
cumulative weight of that model plus higher-ranking models. ATV is distance from wetland to nearest ATV trail or road; Area is
wetland area (m2, scrub-shrub area + open water area); PercentSS is percent of the wetland that is scrub-shrub habitat; Flooded is
the number of surveys that water inundated hardwood forests surrounding wetland; PAnthro is the percent of habitat plot around a
wetland that is roads, levee or cropland; Duckweed is the number of surveys that duckweed was present on a wetland; Surveyor is
who conducted the survey; Tducks is the total number of ducks counted in a survey; and Time is time of day that the survey was
conducted.

γ
.
.
.

Candidate models for gadwall (Anas strepera) estimated index of abundance used for model averaging.

ATV+Area+PercentSS2+Flooded+PAnthro+Duckweed
ATV+Area+PercentSS2+Flooded+PAnthro +Duckweed
Area+PercentSS2 +PAnthro+Duckweed

λ

Table 1.5
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ω
.
.
.
.
.
.
.
.
.
.

Surveyor+PercentSS+Tducks+Time
Surveyor+PercentSS+Tducks+Time
Surveyor+PercentSS+Tducks+Time
Surveyor+PercentSS+Tducks+Time
Surveyor+PercentSS+Tducks+Time
Surveyor+PercentSS+Tducks+Time
Surveyor+PercentSS+Tducks+Time
Surveyor+PercentSS+Tducks+Time
Surveyor+PercentSS+Tducks+Time
Surveyor+PercentSS+Tducks+Time

ρ

AIC
882.69
883.04
883.08
883.92
883.96
884.23
884.33
884.60
884.64
884.67

ΔAIC
0.00
0.35
0.40
1.23
1.27
1.54
1.64
1.91
1.95
1.98

wi
0.17
0.15
0.14
0.09
0.09
0.08
0.08
0.07
0.07
0.06

cumltvwi
0.17
0.32
0.46
0.55
0.64
0.72
0.80
0.87
0.94
1.00

Data are from 1,105 surveys on 65 wetlands in Delta National Forest, Mississippi, winter 2012-2013.
λ is initial abundance, γ is recruitment (immigration), ω is apparent survival (emigration and mortality), and ρ is detection
probability. Squared terms indicate quadratic effects. A dot signifies no covariate effect. AIC is Akaike’s Information Criterion
value; ΔAIC is the difference in Akaike’s Information Criterion relative the smallest value; wi is AIC weight; and cumltvwi is the
cumulative weight of that model plus higher-ranking models. ATV is distance from wetland to nearest ATV trail or road; Area is
wetland area (m2, scrub-shrub area + open water area); PercentSS is percent of the wetland that is scrub-shrub habitat; Disturbance
is the number of surveys that a human disturbances detected; Flooded is the number of surveys that water inundated hardwood
forests surrounding wetland; PAnthro is the percent of habitat plot around a wetland that is roads, levee or cropland; PHW is
percent of habitat plot that is hardwood forest; Duckweed is the number of surveys that duckweed was present on a wetland;
Surveyor is who conducted the survey; Tducks is the total number of ducks counted in a survey; and Time is time of day that the
survey was conducted.

γ
.
.
.
.
.
.
.
.
.
.

Candidate models for hooded merganser (Lophodytes cucullatus) estimated index of abundance used for model
averaging.

ATV+PercentSS2+PHW
ATV+PercentSS2+PHW+Duckweed
PercentSS2+PHW+Duckweed
ATV+PercentSS2+Disturbance+PHW
PercentSS2+PHW
ATV+PercentSS2+Flooded+PHW
ATV+PercentSS2+Disturbance+PHW+Duckweed
ATV+Area+PercentSS2+PHW
ATV+PercentSS2+Flooded+PHW+Duckweed
ATV+PercentSS2+PAnthro+PHW

λ

Table 1.6
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Table 1.7

Model-averaged log-scaled coefficient estimates for Dail-Madsen models
examining factors influencing index of abundance and detection probability
of wood ducks (Aix sponsa) in Delta National Forest, Mississippi, winter
2012-2013.
Estimate

SE

Lower 85% CI

Upper 85% CI

3.37
-0.15
0.17
0.04
0.24
-0.04
-0.05
0.02
0.00

0.12
0.08
0.06
0.13
0.15
0.10
0.07
0.12
0.10

3.20
-0.27
0.08
-0.14
0.02
-0.19
-0.16
-0.15
-0.15

3.54
-0.03
0.26
0.22
0.46
0.11
0.05
0.19
0.15

Recruitment:
Intercept

3.52

0.04

3.46

3.58

Apparent Survival:
Intercept

-0.66

0.10

-0.80

-0.51

Abundance:
Intercept
Distance to ATV trail or road (m)
Wetland size (m2)
Percent scrub-shrub
Disturbance
Flood duration
Percent road/levee/cropland
Percent hardwoods
Presence of duckweed

Detection:
Intercepta
-2.93
0.06 -3.01
-2.85
Surveyor (M)
0.14
0.06
0.06
0.23
Surveyor (T)
0.24
0.07
0.14
0.33
Total ducks
3.23
0.09
3.11
3.36
Time
0.14
0.02
0.10
0.18
Models also estimated recruitment (immigration) and apparent survival (emigration).
Unconditional standard errors and lower and upper 85% confidence interval are included
for estimates. a Includes effect of surveyor C.
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Table 1.8

Global model log-scaled coefficient estimates for Dail-Madsen model
examining factors influencing index of abundance and detection probability
of mallards (Anas platyrhynchos) in Delta National Forest, Mississippi,
winter 2012-2013.
Estimate

SE

Lower 85% CI

Upper 85% CI

4.54
0.54
-0.86
-0.10
-1.18
-0.21
0.81
-0.76
-1.77
-1.05

0.09
0.05
0.12
0.03
0.11
0.07
0.08
0.08
0.15
0.09

4.41
0.46
-1.03
-0.14
-1.33
-0.31
0.70
-0.87
-1.98
-1.18

4.66
0.62
-0.68
-0.06
-1.02
-0.11
0.92
-0.64
-1.55
-0.92

Recruitment:
Intercept

0.10

0.13

-0.09

0.29

Apparent Survival:
Intercept

2.91

0.23

2.57

3.25

Abundance:
Intercept
Distance to ATV trail or road (m)
Wetland area (m2)
Percent scrub-shrub
Percent scrub-shrub2
Disturbance
Flood duration
Percent roads/levee/cropland
Percent hardwoods
Presence of duckweed

Detection:
Intercepta
-2.30
0.08 -2.41
-2.19
Surveyor (M)
-1.19
0.07 -1.30
-1.09
Surveyor (T)
-0.64
0.09 -0.77
-0.51
Percent scrub-shrub
-0.10
0.03 -0.14
-0.06
Total ducks
-0.31
0.04 -0.37
-0.25
Time
0.65
0.03
0.60
0.69
Models also estimated recruitment (immigration) and apparent survival (emigration).
Unconditional standard errors and lower and upper 85% confidence interval are included
for estimates. a Includes effect of surveyor C. Global model was most supported model
and had no competing models so no model averaging was conducted.

38

Table 1.9

Model-averaged log-scaled coefficient estimates for Dail-Madsen models
examining factors influencing index of abundance and detection probability
of gadwall (Anas strepera) in Delta National Forest, Mississippi, winter
2012-2013.
Estimate

SE

Lower 85% CI

Upper 85% CI

2.14
0.45
-0.31
1.93
1.22
0.08
-1.27
1.86

0.22
0.06
0.13
0.49
0.23
0.05
0.95
0.19

1.82
0.36
-0.50
1.22
0.89
0.01
-2.64
1.59

2.46
0.54
-0.13
2.63
1.55
0.14
0.10
2.14

Recruitment:
Intercept

-2.55

0.29

-2.96

-2.14

Apparent Survival:
Intercept

14.04

19.75 -14.39

Abundance:
Intercept
Distance to ATV trail or road (m)
Wetland area (m2)
Percent scrub-shrub
Percent scrub-shrub2
Flood duration
Percent road/levee/cropland
Presence of duckweed

42.47

Detection:
Intercepta
-2.27
0.06 -2.35
-2.19
Surveyor (M)
0.51
0.07
0.42
0.61
Surveyor (T)
0.34
0.08
0.22
0.46
Total ducks
0.79
0.05
0.71
0.87
Percent scrub-shrub
1.93
0.49
1.22
2.63
Time
0.00
0.03 -0.04
0.04
Models also estimated recruitment (immigration) and apparent survival (emigration).
Unconditional standard errors and lower and upper 85% confidence interval are included
for estimates. a Includes effect of surveyor C.
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Table 1.10

Model-averaged log-scaled coefficient estimates for Dail-Madsen models
examining factors influencing index of abundance and detection probability
of hooded merganser (Lophodytes cucullatus) in Delta National Forest,
Mississippi, winter 2012-2013.
Estimate

Abundance:
Intercept
3.46
Distance to ATV trail or road (m) -0.26
Wetland area (m2)
0.12
Percent scrub-shrub
0.68
Percent scrub-shrub2
-1.48
Disturbance
-0.20
Flood duration
-0.09
Percent hardwoods
0.83
Percent road/levee/cropland
-0.07
Presence of duckweed
-0.27

SE

Lower 85% CI

Upper 85% CI

0.35
0.15
0.42
0.32
0.69
0.24
0.15
0.32
0.48
0.20

2.96
-0.48
-0.48
0.23
-2.48
-0.54
-0.30
0.38
-0.76
-0.56

3.97
-0.04
0.72
1.14
-0.48
0.14
0.12
1.29
0.62
0.02

Recruitment:
Intercept

-0.91

0.37

-1.45

-0.37

Apparent Survival:
Intercept

3.11

0.56

2.30

3.92

Detection:
Intercepta
-4.91
0.34 -5.40
-4.43
Surveyor (M)
0.35
0.20 0.07
0.64
Surveyor (T)
0.38
0.23 0.05
0.70
Percent scrub-shrub
0.68
0.32 0.23
1.14
Total ducks
0.15
0.09 0.02
0.28
Time
-0.03
0.08 -0.15
0.09
Models also estimated recruitment (immigration) and apparent survival (emigration).
Unconditional standard errors and lower and upper 85% confidence interval are included
for estimates. a Includes effect of surveyor C.
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Table 1.11

Covariate effects modeled on index of abundance (ducks/wetland) of wood
duck (Aix sponsa), mallard (Anas platyrhynchos), gadwall (Anas strepera),
and hooded merganser (Lophodytes cucullatus) in Delta National Forest,
Mississippi, winter 2012-2013.

Covariate
Distance to ATV trail or road (m)
Wetland area (m2)
Percent scrub-shrub
Percent scrub-shrub2
Disturbance
Flood duration
Percent road/levee/cropland
Percent hardwoods
Presence of duckweed

Wood duck
a

−
+

Mallard

Gadwall

Hooded merganser

+
+
−
−
−
−
+
+
−
+
−
+
−
+
+
−
−
+
−
+
a
+, , and blank denote a positive, negative, and no correlation between wood duck
abundance and covariate, respectively. The 85% confidence interval for covariate
estimate did not overlap zero for positive and negative relationships.
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Figure 1.1

Study area, Delta National Forest (red), in the Mississippi Alluvial Valley
(shaded region) where surveys of wintering ducks were conducted in
winter 2012-2013.
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Figure 1.2

Delta National Forest (inside yellow), Sharkey County, Mississippi,
depicting locations of 65 randomly selected wetlands (green dots) surveyed
for ducks during winter 2012-2013.
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Figure 1.3

Example of digitized habitat plot and wetland in Delta National Forest,
Sharkey County, Mississippi, that was surveyed for ducks during the winter
2012-2013.
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Figure 1.4

Estimated relationship between wood duck (Aix sponsa) abundance
(ducks/wetland) and distance from wetland to nearest ATV trail or road
(solid line), with prediction interval (dashed lines), Delta National Forest,
Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.5

Estimated relationship between wood duck (Aix sponsa) abundance
(ducks/wetland) and wetland area (m2; solid line), with prediction interval
(dashed lines), Delta National Forest, Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.6

Estimated relationship between wood duck (Aix sponsa) abundance
(ducks/wetland) and number of surveys a disturbance was detected (solid
line), with prediction interval (dashed lines), Delta National Forest,
Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.7

Estimated relationship between mallard (Anas platyrhynchos) abundance
(ducks/wetland) and distance from wetland to nearest ATV trail or road
(solid line), with prediction interval (dashed lines), Delta National Forest,
Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.8

Estimated relationship between mallard (Anas platyrhynchos) abundance
(ducks/wetland) and wetland area (m2; solid line), with prediction interval
(dashed lines), Delta National Forest, Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.9

Estimated relationship between mallard (Anas platyrhynchos) abundance
(ducks/wetland) and percent of a wetland that was scrub-shrub (solid line),
with prediction interval (dashed lines), Delta National Forest, Mississippi,
winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.10

Estimated relationship between mallard (Anas platyrhynchos) abundance
(ducks/wetland) and number of surveys that a disturbance was detected
(solid line), with prediction interval (dashed lines), Delta National Forest,
Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.11

Estimated relationship between mallard (Anas platyrhynchos) abundance
(ducks/wetland) and the number of surveys that hardwood forest within
habitat plot was inundated (solid line), with prediction interval (dashed
lines), Delta National Forest, Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.12

Estimated relationship between mallard (Anas platyrhynchos) abundance
(ducks/wetland) and percent of the habitat plot that consisted of roads,
levees, and cropland (solid line), with prediction interval (dashed lines),
Delta National Forest, Mississippi, winter 2012-2013.

Values based on model estimates and upper and lower 85% confidence interval.
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Figure 1.13

Estimated relationship between mallard (Anas platyrhynchos) abundance
(ducks/wetland) and percent of the habitat plot that is hardwood forest
(solid line), with prediction interval (dashed lines), Delta National Forest,
Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.14

Estimated relationship between mallard (Anas platyrhynchos) abundance
(ducks/wetland) and number of surveys that duckweed (Lemna spp.) was
present (solid line), with prediction interval (dashed lines), Delta National
Forest, Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.15

Estimated relationship between gadwall (Anas strepera) abundance
(ducks/wetland) and distance from wetland to nearest ATV trail or road
(solid line), with prediction interval (dashed lines), Delta National Forest,
Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.16

Estimated relationship between gadwall (Anas strepera) abundance
(ducks/wetland) and wetland area (m2; solid line), with prediction interval
(dashed lines), Delta National Forest, Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.17

Estimated relationship between gadwall (Anas strepera) abundance
(ducks/wetland) and percent of a wetland that was scrub-shrub (solid line),
with prediction interval (dashed lines), Delta National Forest, Mississippi,
winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.18

Estimated relationship between gadwall (Anas strepera) abundance
(ducks/wetland) and number of surveys that hardwoods within habitat plot
were inundated (solid line), with prediction interval (dashed lines), Delta
National Forest, Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.19

Estimated relationship between gadwall (Anas strepera) abundance
(ducks/wetland) and number of surveys that duckweed (Lemna spp.) was
present (solid line), with prediction interval (dashed lines), Delta National
Forest, Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.20

Estimated relationship between hooded merganser (Lophodytes cucullatus)
abundance (ducks/wetland) and distance from wetland to nearest ATV trail
or road (solid line), with prediction interval (dashed lines), Delta National
Forest, Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.21

Estimated relationship between hooded merganser (Lophodytes cucullatus)
abundance (ducks/wetland) and percent of a wetland that was scrub-shrub
(solid line), with prediction interval (dashed lines), Delta National Forest,
Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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Figure 1.22

Estimated relationship between hooded merganser (Lophodytes cucullatus)
abundance (ducks/wetland) and percent of the habitat plot that is hardwood
forest (solid line), with prediction interval (dashed lines), Delta National
Forest, Mississippi, winter 2012-2013.

Values are based on model estimates and upper and lower 85% confidence interval.
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CHAPTER II
MANAGEMENT IMPLICATIONS

Introduction
Results (Chapter 1) from my study provide an important baseline toward
improving habitat conditions for migrating and wintering waterfowl at DNF. I also
gained a perspective by remaining in DNF for 2 winters. The combination of empirical
results, personal insight, and scientific literature provided me opportunities to offer
management recommendations that will hopefully benefit waterfowl, wildlife, and people
using this public resource.
Habitat Management
Scrub-shrub and flooded red oak forest are critical resources for waterfowl at
DNF. The greatest waterfowl use of DNF occurred during flood events, but some
permanent wetlands were used consistently by wood duck, mallard and gadwall (Figure
2.1). Given the differences in basic life history requirements of species that I observed,
maintaining forest diversity is important for wintering ducks. I did not conduct
manipulative habitat experiments, so I cannot conclude that habitat modifications would
have resulted in a specific desired outcome. However, parts of DNF contain dense and
nearly impenetrable stands of scrub-shrub. Based on our knowledge of mallards and
other larger-bodied ducks, dense vegetation could deter access by these species. I do not
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advocate large-scale elimination of scrub-shrub, but targeted site-specific removal of
scrub-shrub to encourage early-succession or moist-soil habitats could be feasible at DNF
(Fredrickson and Taylor 1982). Creating gaps in scrub-shrub and-or forest canopy could
be favorable to enhancing earlier-succession moist-soil plant communities in DNF. I
would prioritize reducing swamp privet where it is the dominant mid-story vegetation,
usually amid forested areas that contain water control structures. Wetland managers have
long advocated mowing dense moist-soil vegetation to produce hemi-marsh interspersion
to facilitate access by ducks (Fredrickson and Taylor 1982, Kross et al. 2008, Hagy and
Kaminski 2012). I envision a similar scenario where 50-60% woody privet could be
thinned to encourage wetland herbaceous vegetation. Mechanical mulching, chemical
application, or other techniques could be used to create openings. I caution that
manipulations should be carefully targeted with regard to water levels in DNF.
Conversion from scrub-shrub to early succession habitats should be accomplished in
areas that ultimately flood <25 cm deep in winter to afford foraging by dabbling ducks
(Hagy and Kaminski 2012). Removing scrub-shrub from areas that flood more deeply
may not be advantageous because access to quality seeds and invertebrates by ducks
would be greatly reduced (Reinecke et al. 1989, Hagy and Kaminski 2012). Potential
sites for management intervention should coincide with areas where hydrology
management is feasible (Figure 2.2). If U.S. Forest Service personnel can identify areas
that maintain shallow water in winter and that can be accessed to monitor water-control
structures, I recommend habitat management in these sites. The goal would be to provide
early-succession moist-soil habitats in cleared openings. In so doing, I predict that
patches of moist-soil habitat interspersed with forested wetlands would mimic habitat
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complexes that attract more mallards and other waterfowl than what currently occurs in
DNF (Harrison and Chabreck 1988, Reinecke et al. 1989, Pearse et al. 2012). I am not
concerned about over-removal of scrub-shrub at DNF given the prolific nature of the
vegetation and the reality of limited Forest Service budgets. Future experiments should
invoke forest habitat manipulations and study relations of scrub-shrub, mature red oak
forest, and interspersed moist-soil environments on wintering waterfowl (Bellrose 1980,
Bellrose and Holm 1994). Creative research investigations might explore areas of the
forest preferred by wood duck broods in spring and summer (Davis et al. 2007, 2009).
Microhabitats found to enhance fitness of locally breeding wood ducks hypothetically
would not be manipulated to benefit wintering ducks, whereas microhabitats not used or
seemingly avoided by broods could be targeted to improve winter habitats.
Managing Hydrology
I advocate the Forest Service consider more intensive management of GTRs
(Sherman et al. 1992, Fredrickson 2005). There are six independent GTR units that
combined cover 2,437 ha of bottomland hardwoods (<10% of DNF’s total area), but
funding shortfalls prevent mechanical pumping and GTRs remain dry in winter unless
significant overbank flooding occurs. However, wildlife managers do close structures of
two GTRs each year to capture winter rains, which may potentially fill portions of a
GTR. Mallards typically only used DNF wetlands and contiguous forest when the Big
Sunflower and Little Sunflower Rivers overflowed their banks, which caused DNF-wide
flooding. If funding for mechanical pumping is not available, I recommend that DNF
managers concertedly monitor river gage levels and take advantage of any landscape
flood events. Overbank flooding generally occurs between early winter and spring;
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however, successive years may pass without a single flood event. Specifically, I
recommend that managers close all water control structures in existing GTRs when
overbank flooding inundates them and retain water until ca. 1 March. An alternative
strategy is to capture water in all GTRs and then stagger the drawdown dates of each
GTR to help maintain desirable forest conditions by mimicking natural (i.e., intermittent)
flooding regimes. This process would ensure additional acres of flooded habitat for
lengthier periods. However, drainage of red oak flats prior to renascence of trees is
important to maintain desirable red oak species.
Managing Human Disturbance
Accounting for anthropogenic disturbances is often ignored in management of
bottomland hardwood systems (Reinecke et al. 1989, Heitmeyer 2001). However, I
believe that establishing inviolate sanctuaries would attract and retain waterfowl in DNF
(Korschgen and Dahlgren 1992, Fox and Madsen 1997, Madsen 1998, Borgmann 2011,
St. James et al. 2013). Options may include creating inviolate sanctuaries, limiting the
hours per day or days per week that lands are hunted or accessed by people, limiting
number of hunters, or restricting types of equipment used to hunt (e.g., no ATVs; Madsen
1994, Madsen 1998, St. James et al. 2013). Locations for sanctuaries would need to be
scrutinized to balance needs of waterfowl and meeting hunter expectations (St. James et
al. 2013). I propose a sanctuary location (Figure 2.3) but recognize that other locations
could be selected. I also suggest that existing and enforceable hunting regulations be
rewritten for GTRs when they are not actively being pumped. Thus, when water control
structures are closed sanctuaries to waterfowl would exist after noon. Lastly, I believe
there is worthy consideration for restricting use of ATVs in DNF. Options for managing
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ATV disturbance and habitat degradation include enforcing current ATV laws,
eliminating game retrieval off designated trails by ATV, or prohibit ATV use in DNF
altogether. Together some or all of these measures could decrease disturbance and
possibly increase waterfowl use of DNF.
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Figure 2.1

Locations in Delta National Forest (DNF; yellow line), Mississippi, where
wood ducks (red dots), mallards (green dots), and gadwall (white dots)
were observed most frequently during my pilot study (winter 2011-2012)
and winter 2012-2013.
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Figure 2.2

Map of Delta National Forest (outlined in yellow), Mississippi, depicting
locations of 6 greentree reservoirs (outlined in red) and area prone to
inundation because of water control structures (outlined in blue); thinning
of woody vegetation could occur to help establish early successional plants
favorable to waterfowl.
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Figure 2.3

Location in Delta National Forest (DNF), Mississippi, where moist-soil
management (10 ha; pink line, bottom photo) and a waterfowl sanctuary
(white line) could be established.

Located south of South Greentree Reservoir (red line) near the DNF border (yellow line,
top photo). Area has existing water control structure in place (blue dot, bottom picture)
and area within green line (30 ha) would provide roosting, loafing and feeding habitat
along with buffer from hunted area.
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